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In D-term inflation models, the fluctuations of squark flelds in the flat directions 
give rise to isocurvature density fluctuations stored in the Affleck-Dine conden- 
sate. After the condensate breaks up in B-balls, these can be perturbations in the 
^ ' baryon number, or, in the case where the present neutralino density comes directly 

f"~>« ^ from B-ball decay, perturbations in the number of dark matter neutralinos. The 

Qs , latter case results in a large enhancement of the isocurvature perturbation. In this 

fvj ■ case, the requirement that the deviation of the adiabatic perturbations from scale 

*vj ' invariance due to the Affleck-Dine field is not too large imposes a lower bound on 

f^ ' the magnitude of the isocurvature fluctuation of about 10~^ times the adiabatic 

^1^ [ perturbation. This should be observable by MAP and PLANCK. 

i-G ' 1 AD condensate and B-ball decay 

The quantum fluctuations of tlie baflaton field give rise to fluctuations of the 
fl^ I energy density which are adiabaticu. However, in the minimal supersymmetric 

r*^ . standard model (MSSM), or its extensions, the inflaton is not the only fluctu- 

ating field. Itjs well known that the MSSM scalar field potential has many 
flat directionsH, along which a non-zero expectation value can form during in- 
flation, leading to a condensate after inflation, the so-called AfHeck-Dine (AD) 
condensates. When the Hubble rate becomes becomes of the order of the cur- 
vature of the potential, given by the susy breaking mass ttis, the condensate 
starts to oscillate. At this stage B-violating terms are comparable to the mass 
term so that the condensate achieves a net baryonic charge. In the AD baryo- 
genesis scenario the subseoiient decay of the condensate will then generate the 
observable baryon numbercl. 

An important point is that the AELcpndensate is not stable but typically 
breaks uo-into non-topological solitonsBQ which carry baryon (and/or lepton) 
number Els and are therefore called B-balls (L-balls). For baryogenesis caasid- 
erations, the most promising direction is the d — 6 {"u'^u'^u"^) directionci, on 
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which we shall focus on in the following. The formation of the B-balls takes 
place with an efficiency fs, likely to be in the range 0.1 to 1. The proper- 
ties of the B-balls depend on SUSY breaking and on the flat direction along 
which the AD condensate forms. We will consider SUSY breaking mediated 
to the observable sector by gravity. In this case the B-balls are unstable but 
ng-lived, decaying well after the electroweak phase transition has taken place 
with a natural order of magnitude for decay temperature Td ^ 0(1) GeV. 
This assumes a reheating temperature after inflation, Tr, is less than about 
10"* GeV. Such a low value of Tr is in fact necessary in D-term inflation mod- 
els because the natural magnitude of the phase of the AD field, Sqp, is of the 
order of 1 in D-term inflation and along the d=6 direction AD bapojgenesis 
implies that the baryon to entropy ratio is rjB ~ Scp{Tr/10^ GeV)iB so that 
Tji ~ 0{1) GeV would be the most natural choice. It is significant that a low 
reheating temperature can naturally be achieved in D-term infiation models, 
as these have discrete symmetries in order to ensure the flatness of the infla- 
ton potentiaLwhich can simultaneuously lead to a suppression of the reheating 
temperatureliy. 

2 Fluctuations of the AD field 

The AD field $ = (pe'^/V2 = (^i + i(j)2)/\^is a complex field and, in the 
currently favoured D-term inflation models E£l, is effectively massless during 
inflation. Therefore both its modulus and phase are subject to fluctuations 
with 

SM^)-VvJ^e'^^'-% , (1) 

where 1/ is a normalizing volume and where the power spectrum is the same 
as for the inflaton field, 
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where Hj is the value of the Hubble parameter during inflation. 

In D-term inflation models the phase of the AD field receives iia, order 
H corrections after infiation and so its fiuctuations are unsuppressed lJ. The 
fiuctuations of the phase correspond to fluctuations in the local baryon number 
density, or isocurvature fluctuations, while the fluctuations of the modulus give 
rise to adiabatic density fluctuations. For gisien background values 9 and 0, 
(with naturally of the order of 1) one finds liJ 
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where 4>i is the value of (j) when the perturbation leaves the horizon. The 
magnitude of the AD field $ remains at the non-zero minimum of its potential 
until H ~ ms, after which the baryon asymmetry ns oc Sin(9) forms. Thus 
the isocurvature fluctuation reads 

The adiabatic fluctuations of the AD field may dominate over the inflaton 
fluctuations, with potentially adverse consequences for the scale invariance of 
the perturbation-spectrum, thus imposing an upper bound on the amplitude 
of the AD field II3. In the simplest D-term inflation model, the inflaton is 
coupled to the matter fields V- and 1/^+ carrying onpnsite Fayet-Iliopoulos 
charges through a superpotential term W = k5''0-'0+"'"- At one loop level 
the inflaton potential reads 

where £, is the Fayet-Iliopoulos term and g the gauge coupling associated with 
it. COBE normalization fixes £, — 6.6 x 10^^ GeV. In addition, we must 
consider the contribution of the AD field to the adiabatic perturbation. During 
inflation, the potential of the d — 6 flat AD field is simply given by 

vw - 4f,r . (6) 

Taking both S and (f> to be slow rolling fidds one finds that the adiabatic part 
of the invariant perturbation is given bylU 

C ^ Sp/ip + p) ^ -—- oc ^,^^^, ^ ^,^^^^6cf, . (7) 

Thus the field which dominates the spectral index of the perturbation will be 
that with the largest value of V and V . 

3 A lower bound on the isocurvature amplitude 

The index of the power spectrum is given by n = 1 + 2r/ — 6e, where e and rj 
are defined as 



The present lower bounds imply |An| < 0.2. It is easy to find out that the 
the condition that the spectral index is acceptably close to scale invariance 
essentially reduces to the condition that the spectral index is dominated by 
the inflaton, V'{(f)) < V'{S) and V"{4)) < V"{S). The latter requirement 
turns out to be slightly more stringent and implies a lower bound on the AD 
condensate field with </> < 0.48 (g/X)^^^ {Mif/"^. 

As a consequence, there is a lower bound on the isocurvature fluctuation 
amplitude. Because the B-ball is essentially a squark condensate, in R-parity 
conserving models its decay produces both baryons and neutralinos (x), which 

Ija^assume to be the lightest supersymmetric particles (LSPs) , with n^ ~ Sns 
O. This case is particularly interesting, as the simultaneous production of 
baryons and neutralinos may help to explain the remankable similarity of the 
baryon and dark matter neutralino number densities u'tll. With B-ball decay 
temperatures Td '^ 0{1) GeV, the decay products no longer thermalize com- 
pletelii-and, so long as Td is low enough that they do not annihilate after B-ball 
decay", retain the form of the original AD isocurvature fluctuation. Therefore 
in this scenario the cold dark matter particles can have both isocurvature and 
adiabatic density fluctuations, resulting in an enhancement of the isocurvature 
contribution relative to the baryonic case. 

The total LSP number density is the sum of the thermal relic density 
n^ and the density n-^ ' = SfsnB originating from the B-ball decay. (Their 
relative importance depends on T^; for Tr < 0(1) GeV one would find n^ ~ 
0.) Tiie isocurvature fiuctuation imposed on the CMB photons is then found 
tobeN 

^ - 4 f 1 + J^l (^kz^] ,« , _4,4) , (9) 

where p^ is the LSP mass density from the B-ball, ilm (^x) i^ total matter 
(LSP) density (in units of the critical density). Thus 
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It then follows that the lower limit on /? is 

l3>2.b-KlQ-'^g^/^\^l^uj^Tan{e)''^ . (11) 

Thus significant isocurvature fluctuations are a definite prediction of the AD 
mechanism. 



Isocurvature perturbations give rise to-extra power at large angular scales 
but are damped at small angular scales E3. The amplitude of the rms mass 
fluctuations in an 8h~^ Mpc""'^ sphere, denoted as erg, is about an order of 
magnitude lower than in the adiabatic case. Hence COBE normalization alone 
is sufficient to set a tight limit on the relative strength of the isocurvature 
amplitude. Small isocurvature fluctuations are, however, beneficial, in the 
sense that they would improve the fit_to the power spectrum in f^o = 1 CDM 
models with a cosmoloMcal constant E3 (or fio = 1, A = CDM models with 
some hot dark matter EZl). 

Detecting isocurvature fluctuations at the level of /3 ~ 10^^ should be quite 
realisticLj at MAP and Planck. Thus the forthcoming CMB experiments offer 
a test not only of the inflationary Universe but also of the B-ball variant of 
AD baryogenesis. 
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